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ABSTRACT 
 The emergence of increased virtual connectivity between individuals, has led to extensive mobile data 
traffic in the recent times. This has expedited the development of fifth-generation (5G) networks by the 
researchers, telecom experts and designers. This paper gives an account of the potential technologies 
for 5G and the challenges therein. 
INDEX TERMS 5G, 4G, Device-to-Device (D2D), Machine-to-Machine (M2M)
I. INTRODUCTION 
The contemporary growth in wireless broadband traffic has had a significant impact on the 
upcoming mobile network architectures. Such architectures need to deal with increasing demands, 
including  
• high traffic volume (enormous capacity), involving increases on the order of several magnitudes— the 
future requirement is a 1,000× increase in data traffic for 2020 and beyond; 
•  increased indoor and small cell/ hotspot traffic, that will make up the majority of mobile traffic 
volume—today, roughly 70 percent of mobile traffic happens indoors; in the future, indoor data traffic 
and hotspot areas could exceed this figure; 
• increased number of connected devices (massive connectivity) stemming from the Internet of Things 
(IoT), which will support massive machine- to-machine (M2M) communications and applications; and 
•  improved energy consumption—5G must be a green network to reduce its carbon footprint [1]. 
Mobile communication has evolved from voice-only services into a complex, interconnected 
ecosystem with multiple services built on a system that supports myriad applications and provides high-
speed access to a multitude of subscribers and machines [2]. 
 
II.  5G: Is it a Technology overhaul or a mere up gradation? 
Future emerging technologies and the changes that they require will determine whether 5G is merely an 
evolution of the existing network or revolutionary. Massive multiple-input, multiple output (M-MIMO), 
beam forming, device-to-device (D2D) communications, small cell deployment, and other technologies 
have already been adopted in recent 4G releases and need only be modified for 5G adoption. Thus, to 
support these technologies, the network could merely evolve from 4G, and all current mobile devices 
would be supported. However, the millimeter-wave band will necessitate many revolutionary technologies 
due to its different propagation characteristics and hardware constraints. A substantial change will be 
required on the network node and architecture levels, and this change will extend to mobile devices; 
current devices will need to be altered or upgraded to support this 5G revolution because the millimeter 
wave signal is incompatible with these devices’ frequency. However, this change will bring with it higher 
data speeds, more reliable networks, and a lot more applications. 
The answer to the question of whether it is an evolution or a complete disruption in earlier technologies 
will thus depend highly on the changes that shape 5G, which could be any of the following [3]: 
•  Minor changes at the base station or network architecture level (network evolution); 
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•   Major changes at the base station level (component changes), such as a new transmission waveform; 
•  Major changes at the network level (architectural changes), such as the introduction of new base 
station types, applications, and functions; or 
•   Major changes at the base station and network levels (radical changes), such as adopting the 
millimeter-wave. 
 
 
 
III.  Potential 5G Technologies 
Ongoing Wireless research activity and demonstrations are already considering many technologies 
for a future wireless system. High-speed data and low-latency demands will be the theme for the future 5G 
environment.  
Five key research areas will have the largest impact on progressing 5G. These are:  
i. Dense small cell deployment 
ii. M-MIMO 
iii. D2D 
iv. M2M 
v. Millimeter-wave communications (see Figure 1).  
 
In addition, new waveforms, advanced coordinated multipoint (CoMP), carrier aggregation, 
multiple radio access technology (M-RAT), efficient coding techniques, network virtualization, and the 
emergence of cloud radio access networks (C-RAN) will also have a significant impact on 5G networks.
 
Figure 1. 5G multitier network architecture. The next generation of network technologies includes 
macrocells (bands <3 GHz); small cells (millimeter-wave); femtocells and Wi-Fi (millimeter-wave); 
massive multiple-input, multiple-output (M-MIMO) with beamforming; and device-to-device (D2D) and 
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machine-tomachine (M2M) communications. Solid arrows indicate wireless (fronthaul) links, whereas the 
dashed arrows indicate backhaul links.
These have been classified into four categories according to their impact on 5G network performance: 
capacity and speed, latency, spectral efficiency, and massive connectivity and the IoT. 
 
A.  Network Capacity and Data Speed Improvement 
To meet dramatic traffic growth over the next decade, 5G mobile networks are expected to achieve 
higher capacity increases compared to 4G networks, with considerably higher-speed data rates. This 
objective can be accomplished with dense small cell deployment, utilization of the millimeter- wave band, 
and M-MIMO and beam forming. 
B.  Latency Reduction 
Latency is the time it takes a signal to complete a single, full transaction. Besides achieving high 
data rates, latency reduction becomes vital to enable energy savings and long battery lifetimes. Current 4G 
latency is about 15 ms based on the 1-ms subframe. This latency is considered perfect for current 
applications; however, 5G will introduce technologies such as tactile Internet, two way real-time gaming, 
cloud-based applications, and augmented reality that cannot be supported at current latencies (see Figure 
2). Therefore, 5G should support latencies lower than 1 ms, which will have a major impact on design 
choices at all layers. One of the ways to reduce latency is through dense small cells and D2D 
communications, as follows: If two devices are in close proximity, their communications can be handled 
via D2D communication without consuming network resources. D2D can handle local traffic efficiently. 
It is an important option for applications that require low latency. D2D has already been studied as a 4G 
technology (release 12) in the Third-Generation Partnership Project (3GPP), and its adoption is driven by 
its importance for safety and disaster applications and low-latency applications.  
In this area, the challenges are efficient proximity detection, network integration, and native 
support in future 5G networks. 
 
C.  Spectral Efficiency Improvement 
Spectral efficiency improvement is vital in 5G to deliver ultra-fast data speeds to more 
smartphones and tablets than ever before. Spectral efficiency (bit/sec/Hz) can be increased by increasing 
the modulation order, through D2D communications (as discussed), M-MIMO, and the adoption of new 
efficient transmission waveforms, as discussed next. Orthogonal frequency division multiplexing (OFDM) 
is a powerful and inherent way to address the problem of intersymbol interference (ISI). Instead of 
sending information on a single carrier, OFDM uses multiple carriers to transmit simultaneous subframes 
after dividing the main stream and modulating each subframe on a different subcarrier frequency, which 
helps combat multipath and ISI. 
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Figure 2. Throughput Vs Latency UHD: Ultra High Definition 
 
There are several possible challenges. 5G waveforms should establish a set of requirements, such as high 
spectral efficiency, low latency, and limited cost and complexity. 5G systems will have several strategies 
to fulfill these requirements, such as dense small cell deployments and use of the millimeter-wave band, 
which will be directly influenced by the modulation format used at the physical layer. 
Will OFDM be the dominant theme in 5G? OFDM is not exempt from drawbacks, and its 
adoption by 5G should not be taken for granted. The main disadvantage of OFDM is its high peak-to-
average-power ratio (PAPR), which decreases power amplifier efficiency. Also, cyclic-prefix (CP) 
insertion decreases spectral efficiency. 
 
New schemes can be further utilized to improve spectral efficiency; those schemes include 
• Non-orthogonal multiple access (NOMA), which can ensure that multiple users share a wireless 
medium and experience the same diversity as orthogonal multiple access techniques; 
• Filter bank multicarrier (FBMC), in which signals on each subcarrier are shaped by a well-designed 
filter to suppress signal side lobes and limit its band; and 
• Sparse coded multiple access (SCMA), in which different data are directly mapped to code words of 
different codebooks, where each code represents a spread transmission layer. 
D.  Massive Connectivity and the IoT 
In the long term, it is expected that all devices that benefit from network connectivity will 
eventually become connected, and the number of connected devices will exceed the number of human 
devices. With the increased availability of mobile broadband, connectivity has become a realistic issue for 
M2M communication.  
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However, the massive traffic growth expected from machine-type communication as a result of 
billions of connected devices will cause the network to become congested. So, a several orders of 
magnitude increase in network connectivity and capacity is required, which can be met with network 
densification, dense small cell deployment, and M-MIMO.  
Moving data access to the cloud will also play a significant part in 5G, so that the network can be 
accessed from anywhere. Network function virtualization (NFV) can make functions with hardware 
compatibility issues run on cloud computing infrastructure. Thus, there will be a higher reuse of network 
infrastructure than in the current network. In addition, CoMP can turn interference into useful signals. 
Table 1 illustrates some challenges that can be tackled with specific technologies in the 5G system. 
IV.  Migrating Technologies to 5G 
In 5G, coverage holes are expected due to high path loss at the millimeter-wave band. Thus, the 
4G system will be required to cover the overall area during the early stages of 5G deployment. 5G must 
use the primary MW band in addition to the complementary millimeter-wave band. This spectrum must be 
migrated to 5G, or poor coverage can be expected. In addition, among the new features heralded by 5G, 
D2D transfers could have a prominent role. The adoption of D2D transfers is driven by safety and disaster 
systems, applications requiring low latency, and network traffic offloading. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1: 5G – Way to tackle the challenges presented by the Network 
M2M is the engine for the future IoT; CoMP technology and carrier aggregation will also be transferred 
for better spectral efficiency and QoS. Beam forming and M-MIMO are key enabling technologies for 
the millimeter-wave band, so their transfer can be taken for granted. 
V.  On the Way towards 5G 
The trend in future mobile networks (5G) has shown a different pattern from that of existing 
networks, because the main objective has changed from enabling users to connect wirelessly to the 
Internet to enabling massive numbers of users and devices to seamlessly connect in smart cities (IoT) by 
2020 and beyond (www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-2020/Pages/default.aspx). Table 2 
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shows the difference between 5G and old mobile network generations, listing changes to several features 
[4]. 
VI. Current Development to 5G Realization 
Given that current mobile phones operate in frequencies between 0.8 to 2.5 GHz, they are capable 
of download speeds of only 230 Mbps. Therefore, mobile devices operating in the millimeter-wave band 
are essential to cope with the higher-speed data transmissions required from 5G. 
i) Fujitsu has developed a millimeter-wave prototype receiver small enough to be incorporated into a 
mobile phone. This receiver has achieved 20-Gbps download speeds.  
ii) Fujitsu began field-testing in 2016 and will launch the receiver in 2020.  
iii) Furthermore, IEEE has developed the IEEE 802.11ad standard, which operates at 60 GHz and 
supports a speed of 7 Gbps within a short distance. 
iv) Samsung has announced that it has achieved 7.5 Gbps, the fastest ever 5G data transmission rate in a 
stationary environment. It has achieved a stable connection at 1.2 Gbps in a mobile environment from a 
vehicle at a speed of 100 km/h at 28 GHz. 
 
 
Table 2: Basic comparison among mobile system generations 
v) Nokia has used the 73-GHz carrier with 2-GHz bandwidth to achieve a speed of 10 Gbps with latency 
around 1 ms.20 The ITU set a timeframe for 5G systems; its IMT-2020 group reviewed many research 
proposals and will soon set the first 5G network design [5]. 
vi) In India, the Telecom Regulatory Authority of India is taking necessary steps to roll out 5G in India by 
2020. Airtel has tested its first 5G Network in Bengaluru in Dec 2017 using MIMO and has described it as 
pre-5G Technology. 
vii)  Ericsson has tested its first 5G demonstration in India in November 2017, with a throughput of 
5.7Gbps and a latency of 3ms. 
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As the demand for high-speed and low-latency applications increases dramatically, the 5G system should 
have the technology and flexibility to meet these those requirements and support multifold increases in 
network capacity and connectivity. The extremely high data throughput and very low latency required 
from 5G cannot be satisfied only through evolution or modification of the existing 4G network. Therefore, 
researchers must focus on technologies that would have a major impact on system performance. This will 
come by introducing radical changes at the base station (component) and network (core and backhaul) 
levels. The most prominent technologies and aspects that currently have this ability are millimeter-wave 
band, dense deployment of small cells, D2D, M2M, and M-MIMO with beam-forming. With help from 
these technologies, future wireless systems will include myriad smart features and applications to make 
5G the most intelligent and dominant wireless technology thus far. 
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